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ABSTRACT: In order to identify and study the distribution of T lymphocytes, B lymphocytes, and cell proliferation in the 
porcine conjunctiva-associated lymphoid tissue (CALT), an immunohistochemical study was carried out of the eyelids in 
clinically healthy piglets and pigs. Using polyclonal rabbit antiserum against CD3 (PAP method), mouse monoclonal 
antibody against CD79 (ABC method), and mouse monoclonal antibody against PCNA (PAP method), T lymphocytes, B 
lymphocytes, and the proliferation of lymphoid cells in the conjunctiva of formalin-fixed, paraffin-embedded eyelids of 
piglets and pigs were immunohistochemically identified. Results revealed age-dependent quantitative changes in T and B 
lymphocytes and lymphoid follicles in piglets and pigs. The immunohistochemical and quantitative data obtained showed 
that the conjunctiva of 5 day-old piglets had T lymphocytes, while B lymphocytes were absent. Two-month-old piglets had 
both T and B lymphocytes in the subepithelial tissue, but the number of T lymphocytes predominated. In 6 and 12 month- 
old pigs, in addition to T and B lymphocytes, the conjunctiva had functioning lymphoid follicles with T and B zones. In the 
germinal center of some lymphoid follicles, the proliferation of lymphoblasts was recognizable. The results obtained can 
be used to study the role of CALT in the diseases of the eye and par ocular tissues in piglets and pigs. 
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INTRODUCTION conjunctiva consisted of CD4-, CD8-, and S-100-positive 

Several studies have previously established that the cells (Sakimoto et al. 2002). The baboon (Papio anubis) 
human conjunctiva has lymphoid tissue and consists of | conjunctival lymphoid tissue had CD4-positive T 
T and B lymphocytes, CD8- and CD4-positive T cells — lymphocytes and B lymphocytes (Astley et al. 2003). The 
(Knop and Knop 2008, Steven et al. 2008, Bose et al. _ conjunctivas of Peromyscus maniculatus (species of new 
2017). In parallel with the study of human conjunctiva, world rodents) consisted of B and T cells (Astley et al. 
similar studies have been conducted in the laboratory, 2007). 
domestic, and wild animals. An immunohistochemical study of cattle CALT 

Immunohistochemical studies of the conjunctiva in revealed that CD4+ and CD8+ T cells were detected in 
various animal species showed the following results: the the interfollicular and subepithelial regions of the CALT. 
rabbit conjunctival lymphoid tissue consisted of TandB =CD4+ T cells were localized in the lower parts of the 
lymphocytes (Franklin and Remus 1984), the mouse _ follicles, in the interfollicular and subepithelial regions, 
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and infrequently in the germinal centers and the CD8+ T 
lymphocytes were mainly in the subepithelial and 
interfollicular regions (Bayraktaroglu and Asti 2009). 

For the immunohistochemical study of pig tissues 
aimed at identifying the main immunocompetent cells 
on histo-sections, it is necessary to know the distribution 
of different cells in formalin-fixed, paraffin-embedded 
tissues with several primary antibodies, including anti- 
CD3 and anti-CD79« (Chianini et al. 2001, Tanimoto 
and Ohtsuki 1996). Anti-CD3 and anti-CD79« 
monoclonal antibodies strongly reacted with cells located 
in the T cell and B cell areas, respectively, and showed 
specificity for T and B cells in pig tissues CD79 
(Chianini et al. 2001, Tanimoto and Ohtsuki 1996). 
However, the distribution of T and B lymphocytes in 
CALT in healthy piglets and pigs have not been studied. 

The present study aimed to describe the age-dependent 
distribution of T and B lymphocytes and cell proliferation 
in the porcine CALT using immuno-histochemical 
methods. 


MATERIALS AND METHODS 

The experiment on piglets and pigs, including all 
procedures of this study were approved by Scientific and 
Ethical Committee of Faculty of Veterinary Medicine and 
Biotechnology of Kyrgyz National Agrarian University 
named after K.I. Skryabin (Protocol No. 4 dated 
22.12.2017). Using polyclonal rabbit antiserum against 
CD3 (PAP method), mouse monoclonal antibody against 
CD79 (ABC method), and mouse monoclonal antibody 
against PCNA (PAP method), we immunohistochemically 
identified T lymphocytes, B lymphocytes, and the 
proliferation of lymphoid cells in the conjunctiva of 
formalin-fixed, paraffin-embedded eyelids of piglets and 


pigs. 


Immunohistochemical studies 

The conjunctivas from the lower and upper eyelids of 
12 healthy Large White Pigs were obtained from a 
slaughterhouse near Bishkek city (Kyrgyzstan). A total 
of 24 eyelids of these 12 piglets and pigs (three heads of 
5-7-day-old suckling pigs, three heads of 2-month-old 
pigs, three heads of 6-month-old pigs, and three heads of 
12-month-old pigs) were examined. Together with 
conjunctivitis from both eyelids, lymph nodes, spleens 
were harvested from the same piglets and pigs. Tissue 
specimens were fixed in corrected buffered formaldehyde 
(pH 7.4), processed and subsequently embedded in 
paraffin wax. Then, 5-ym-thick paraffin sections were 
cut. The following histological and immunohistochemical 
methods were used. Sections were stained using 
hematoxylin and eosin (H & E) to exclude any pathology 
in the conjunctiva. For the demonstration of T 
lymphocytes, B lymphocytes and cell proliferation, the 
following primary antibodies and methods were used: 
Polyclonal rabbit antiserum against CD3 (Code Nr. A 
0452, Dako) (PAP method) to demonstrate T 
lymphocytes; mouse monoclonal antibody against 
CD79«—Purified (Clone HM 57, Acris) (ABC method) 
to demonstrate B lymphocytes; mouse monoclonal 
antibody against PCNA (Clone PC 10, Code Nr. 0879, 
Dako) (PAP method) for the demonstration of cell 
proliferation. Substrate: 0.05%3,3'- 
diaminobenzidine tetrahydrochloride dihydrate (DAB) 
(Fluka, cat. Nr. 32750), 0.1 m imidazole/HC1 buffer, pH 
7.08, and 0.01% H,O,(Merck). 


Cell counting 

Microscopically, the number of T lymphocytes, B 
lymphocytes, and proliferating cells, both in the 
subepithelial tissue of the conjunctiva and in the T- and 
B-zones of the lymphoid nodules, was calculated in 10 


Table 1. The number of T lymphocytes, B lymphocytes and lymphoblasts in CALT in piglets and pigs [Mean + standard 


deviation (M+m)]. 


Age of piglets/ No. of T No. of B T-zone B-zone No. of 

pigs (M+m) lymphocytesin lymphocytes in of CALT of CALT lymphoblasts in 
subepithelial subepithelial the lymphoid 
tissue of the tissue of the follicles of 
conjunctiva conjunctiva CALT 

5-day/piglets 4.07 + 0.41 - - - - 

2-month/ piglets 9.70 + 1.35 5.30 + 0.90 . 2 

6-month/ pigs 20.43 + 2.05 12.11 + 1.00 48.61 +8.04 25.24+2.48 23.6443.49 

12-month/ pigs 15.35 + 1.25 11.04 + 0.96 46.64 £7.23 26.7442.47 21.63+42.43 
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Fig. 1. Photomicrograph showing the T lymphocytes 
(arrows) localized in the paracortical (T) zone of the 
lymph node in the 6-month-old pig. 

[Lymphoid follicles were not brown colored (asterisks). 
Anti-CD3 antibody (PAP method)-Haematoxylin 
counterstain x 100 (Bar = 100u)].. 


Fig. 2. Photomicrograph showing the B lymphocytes 
(arrows) localized in the lymphoid follicles (B zone) of 
the lymph node in the 6-month-old pig. 

[The paracortical (T) zone was not brown colored 
(asterisks). Anti-CD79« antibody (ABC method)- 
Haematoxylin counterstain x 100 (Bar = 100u)]. 


fields of view of the microscope with a magnification 
x1000. The obtained data are presented as the mean + 
standard deviation (M+m) using Excel. XLSTAT v2020.1 
(Microsoft, Addinsoft, Paris, France). 


RESULTS AND DISCUSSION 

Immunohistochemical detection of T and B 
lymphocytes, cell proliferation in the lymph node and 
spleen 

Before studying the main immune-component cells of 
CALT in pigs, we first microscopically examined the 


Fig. 3. Photomicrograph showing brown stained blast 
cells (arrows) in the germinal center of the lymphoid 
follicles of the lymph node in the 6-month-old pig. 
[Anti-PCNA antibody (PAP method)-Haematoxylin 
counterstain x 100 (Bar = 100u)]. 


er 


Fig. 4. Photomicrograph showing the T lymphocyte 
(arrow) scattered in the subepithelial tissue of 
conjunctiva of 5-day old piglets. 

[Anti-CD3 antibody (PAP method)-Haematoxylin 
counterstain x 400 (Bar = 20y)]. 


staining results of T- and B-zone cells as well as 
lymphoblasts in the germinal centers of the lymph nodes 
and spleen with anti-CD3, anti-CD79«, anti-PCNA 
primary antibodies. 

Anti-CD3 antibody strongly stained the paracortical 
(T-) zone of the lymph node cortex (Fig. 1) and the 
periarterial (T-) zone of the white pulp of the spleen and 
anti-CD79« antibody - lymphoid follicles (B-zones) of 
the cortex of lymph nodes (Fig. 2) and white pulp of the 
spleen. Whereas anti-PCNA primary antibody clearly 
stained blast cells in B zones of the lymph nodes (Fig. 3) 
and spleen. 
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Fig. 5. Photomicrograph showing numerous B 
lymphocytes in the subepithelial tissue of conjunctiva 
of 2-month-old piglets. 

[Anti-CD79« antibody (ABC method)-Haematoxylin 
counterstain x 400 (Bar = 20y)]. 


Fig. 7. Photomicrograph showing proliferating 
lymphoid cells (arrow) in the subepithelial tissue of the 
conjunctiva of 2-month-old piglets. 

[Anti-PCNA antibody (PAP method)-Haematoxylin 
counterstain x 100 (Bar = 100 um)]. 


Fig. 6. Photomicrograph showing numerous T 
lymphocytes (arrow) in the subepithelial tissue of 
conjunctiva of 2-month-old piglets. 
[Anti-CD3 antibody (PAP method)-Haematoxylin 
counterstain x 100 (Bar = 100 um)]. 


Immunohistochemical study of CALT in pigs 

In 5-day-old piglets, the subepithelial connective tissue 
of palpebral conjunctiva contained scattered T 
lymphocytes (Fig. 4), whereas B lymphocytes were 
absent. Within the conjunctival stratified epithelium, there 
were isolated intraepithelial T lymphocytes. In 2-month- 
old pigs, the subepithelial tissue of the conjunctiva had 
numerous T and B-lymphocytes. Within the conjunctival 
stratified epithelium, there were intraepithelial T 
lymphocytes. Additionally, there was a small 
accumulation of both B lymphocytes (Fig. 5) and T 
lymphocytes (Fig. 6) around the vessels and in the 
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Fig. 8. Photomicrograph showing the lymphoid follicle 
containing B lymphocytes (B-zone) (arrows) in the 
subepithelial tissue of conjunctiva of the 6-month-old 
pig. 

[Anti-CD79« antibody (ABC method)-Haematoxylin 
counterstain x 100 (Bar = 100u)]. 


subepithelial tissue of the conjunctiva. The proliferation 
of lymphoid cells in the subepithelial tissue of the 
conjunctiva was noted (Fig. 7). In the 6- and 12-month- 
old pigs, the subepithelial tissue of palpebral conjunctiva 
contained scattered T and B-lymphocytes. The lymphoid 
follicles generally consisted of B lymphocytes, forming 
B-zones of CALT (Fig. 8). The proliferation of 
lymphoblasts was noted in the germinal centers of the 
lymphoid follicles (Fig. 9). The majority of T lymphocytes 
were located around the lymphoid follicles and formed 
T-zones (Fig. 10). CD3+ T lymphocytes also occurred in 
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Fig. 9. Photomicrograph showing the proliferation of 
lymphoid cells (arrows) in the germinal center of the 
lymphoid follicle of the conjunctiva of 6-month-old pig. 
[Anti-PCNA antibody (PAP method)-Haematoxylin 
counterstain x 100 (Bar = 100 um)]. 


the germinal center of the follicles and had direct contact 
with the conjunctival epithelium. The lymphoid follicles 
had direct contact with the epithelium of the conjunctiva 
(follicle-associated epithelium) as shown in Fig. 8 and 
Fig. 10. 

The quantitative changes in T lymphocytes, B 
lymphocytes and blast cells in the subepithelial tissue of 
the conjunctiva and in T- and B-zones of CALT based on 
the age of the pig (Table 1). 

Similar to Chianini et al. (2001), we used the following 
primary antibodies for the identification of the 
subpopulation of immunocompetent cells in CALT of 
pigs, including eyelids: anti-CD3, anti-CD79«, and anti- 
PCNA in formalin-fixed, paraffin-embedded lymphoid 
tissues (lymph nodes and spleen) of pigs. Before studying 
the localization of T, B lymphocytes, and lymphoblasts 
in porcine CALT, we earlier examined microscopically 
the staining results of T- and B-zone cells as well as 
lymphoblasts in the germinal centers of the lymph nodes 
and spleen with the above antibodies. In histo-slides of 
the lymph nodes and spleen, anti-CD3 and anti-CD79« 
primary antibodies were used to stain cells located in T 
cell and B cell areas, respectively. The results of our study 
also confirm the data obtained through studies of 
Tanimoto and Ohtsuki (1996) and Chianini et al. (2001) 
on the specificity of the primary antibodies, anti-CD3 
and anti-CD79«, for the detection of T lymphocytes and 
B lymphocytes in formalin-fixed, paraffin-embedded 
tissues of pigs. Anti-PCNA antibody was used to detect 
proliferating cells and it identified immunoblasts in the 
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Fig. 10. Photomicrograph showing T lymphocytes around 
a small lymphoid follicle (T-zone) (arrow) of the conjunctiva 
of the 12-month-old pig. 

[Anti-CD3 antibody (PAP method)-Haematoxylin counterstain 
x 100 (Bar = 100 um). 


germinal centers of the lymphoid follicles of the lymph 
nodes and spleen. 

Next, we studied the localization of T, B lymphocytes, 
and lymphoblasts in CALT. As indicated in the literature, 
immunohistochemical studies were used to detect the 
presence of T lymphocytes and B lymphocytes in CALT 
in humans (Knop and Knop 2008, Steven et al. 2008, 
Bose et al. 2017), as well as in rabbits (Franklin and 
Remus 1984), monkeys (Astley et al. 2003), rodents 
(Astley et al. 2007), and cattle (Bayraktaroglu and Asti 
2009). However, our studies revealed that the cellular 
composition of CALT in pigs is also represented by T 
and B lymphocytes, confirming the data of other studies 
on the presence of T and B lymphocytes in CALT in other 
animal species as well as in humans. 

However, in humans and the above-studied animals, 
the change in the number of basic immunocompetent cells 
based on age has not been studied. Therefore, in our study, 
we demonstrated the changes in the number of T and B 
lymphocytes based on the age of the pigs. The use of the 
anti-PCNA antibody showed the proliferation of 
lymphoblasts in the germinal center of separate lymphoid 
follicles. The number of T, B lymphocytes and blast cells 
in the conjunctiva showed quantitative changes in the 
above cells in CALT, depending on the age of pigs. In 2- 
month-old pigs, the number of T and B lymphocytes in 
the subepithelial tissue of conjunctiva was higher than 
that in the 5-day old piglets. The number of T lymphocytes 
increased up to 6 months of age, following which there 
was a Slight decrease. B lymphocytes appeared only from 
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2 months of age and then their number increased. At 6 
months of age, T-zones and B-zones of CALT was fully 
formed and they continued to function fully. The number 
of proliferating blast cells in the lymphoid follicles of 
CALT at both 6 and 12 months of age was almost the 
same. 

CONCLUSION 

In conclusion, our study revealed that CALT is an 
important structure of the eye and is responsible for 
generating a local immune response. However, depending 
on the age, there are variations in the structural features 
of CALT, in terms of T, B lymphocytes and lymphoblasts. 
Existence, diffuse distribution, and accumulation of the 
main lymphoid cells (T and B lymphocytes) forming B- 
and T-zones of CALT play an important role in the 
formation of a local immune reaction in the conjunctiva. 
These findings can be useful for studying the role of 
CALT in mucosal immunity and especially for future 
comparative studies of CALT in diseases of the eye and 
preocular tissues in piglets and pigs. 
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